Objective: To describe chest radiographic findings in patients with isolated and complicated acute novel influenza A (H1N1) virus infection. Methods: Retrospective study of 147 patients (64 men, mean age 41) with reverse-transcriptase polymerase chain reaction confirmed acute influenza A (H1N1) infection, who also had a chest radiograph <72 hours of viral specimen collection. Radiographs were analysed for acute findings. A correlation with bacterial cultures results was performed. The unpaired 2-sample equal-variance Student t test was applied to continuous variables and the Pearson c 2 test of association to discrete variables. Results: In 71% of cases, chest radiograph was normal. The presence of acute imaging findings was associated with older age (P < .05), increased number of comorbidities (most commonly, chronic obstructive pulmonary disease, diabetes, asthma) (P < .05), higher rate of hospitalization (P < .05) and intensive care unit admission, and increased mortality. Predominant acute radiographic finding in isolated influenza A (H1N1) was alveolar opacity (88%), either unifocal or multifocal, most often in the lower lobes. In the subgroup of patients with positive imaging findings and for whom nonviral microbiologic data was available, 62% had superimposed bacterial or fungal infection. Conclusion: In the majority of patients with acute influenza A (H1N1) infection, the chest radiograph is normal. Acute imaging findings are associated with older age, an increased number of comorbidities, and a higher rate of complications and mortality. The predominant radiographic finding of isolated primary influenza A (H1N1) infection is alveolar opacity. Superimposed bacterial infection is frequent and must be excluded in patients with abnormal imaging.
In early Spring 2009, the first cases of infection with a novel strain of influenza A (H1N1) virus were reported in Mexico [1] . New cases of influenza A (H1N1) infection rapidly spread to several countries on different continents, which resulted in the World Health Organization declaring a phase 6 pandemic on June 11, 2009 . The initial reports pointed to a seeming propensity of the new influenza A (H1N1) strain to infect younger and previously healthy individuals, with unusually high rates of complications and deaths compared with what is usually observed with seasonal influenza [1e3] .
The epidemiologic characteristics and clinical features of influenza A (H1N1) infection were examined in recent papers [1e4] . In spite of the important role chest imaging and especially radiography plays in diagnosis of acute respiratory diseases, relevant information on radiologic manifestations of this new entity is still limited [5e8] .
In this article, we present a retrospective analysis of the acute radiologic findings in 147 patients with biochemically confirmed influenza A (H1N1) infection, identified at the University of Montreal Medical Center (CHUM) from June to August 2009. Objectives of this study were to (1) describe the radiographic presentation of patients with acute influenza A (H1N1) infection; (2) identify the prognostic imaging findings in these patients; and (3) illustrate the imaging features and the evolution of isolated and complicated influenza A (H1N1) infection.
Materials and Methods
The study was approved by the ethics and research review board of our institution; informed consent was waived.
Study Population
All consecutive patients with an influenza A (H1N1) infection confirmed by a positive real-time reverse-transcriptase polymerase chain reaction (RT-PCR) analysis of the nasopharyngeal aspirates and who also had a chest radiograph within 72 hours of the collection of the specimen for RT-PCR at our institution from June 3eAugust 5, 2009 , were included in the study.
Data Collection
The demographic, clinical, and laboratory information was obtained from the retrospective review of the patients' clinical charts and of the electronic hospital databases.
Laboratory Confirmation of Influenza A (H1N1) and of Bacterial and/or Fungal Infections
Testing was performed by using a real-time RT-PCR specific for the 2009 pandemic strain on nasopharyngeal aspirates. The tests initially were performed at the provincial public health laboratory and later at our institution. Bacterial and fungal cultures of sputum, broncho-alveolar lavage, and endotracheal aspirates were performed at our institution.
Imaging Technique
Chest postero-anterior (PA) and lateral projection radiographs were obtained with nonportable radiography equipment (Axiom Aristos MX/VX system; Siemens Healthcare, Erlangen, Germany; Revolution XQ/I System; GE Healthcare, Milwaukee, WI) at a 180-cm focus-film distance. Antero-posterior (AP) projection chest radiographs were obtained with a mobile system (AMX-4; GE Healthcare) at a 112-cm focus-film distance.
Image Analysis
The radiologic images were transferred to and reviewed on a picture archiving and communication system (Impax 6.3; Agfa Healthcare, Mortsel, Belgium) in our department. The retrospective radiologic image analysis was performed independently by 2 chest radiologists (C.C.L., L.S.; with 12 and 26 years of experience, respectively). At the time of the retrospective analysis, the observers were aware of the H1N1 status and the clinical symptoms of the patients. A decision for the final interpretations was made by consensus.
The observers first classified all chest radiographs as normal or abnormal. Then the radiographs were analysed for the presence of alveolar opacities (a term that included both ground-glass opacities, ie, areas of increased lung parenchymal attenuation without obscuration of the underlying vessels; and consolidations, ie, areas of increased attenuation that obscured the underlying vessels), interstitial opacities (reticular, nodular, reticulonodular), nodules, atelectasis, peribronchial thickening, bronchiectasis, pleural effusion, and hilar lymphadenopathy, and mediastinal lymphadenopathy. Any additional lung findings were recorded. Imaging findings were further characterized as to their anatomic distribution and extent: focal, multifocal or diffuse, unilateral or bilateral, predominately central or peripheral, and lobar involvement.
Statistical Analysis
The mean age difference between the patients with and without findings at imaging was analysed with the unpaired 2-sample equal-variance Student t test. Differences in the rates of associated comorbidities and hospitalization between the patients with and without findings at imaging were assessed with the Pearson c 2 test of association.
Results
Of the 191 confirmed cases of influenza A (H1N1) infection identified (82 men, 109 women; mean age, 39 years), 147 patients (64 men, 83 women; mean age, 41 years) underwent chest radiography at the time of their initial presentation. Symptoms included fever (82%), cough (85%), dyspnea (33%), rhinorrhea (22%), headaches (31%), myalgia (56%), arthralgia (16%), and diarrhoea (12%).
One hundred thirty-five patients (92%) were imaged with standard PA and lateral projections, 6 (4%) with AP sittingup and 6 (4%) with AP supine views. Initial imaging and collection of the specimens for influenza A (H1N1) detection by real-time RT-PCR were obtained within 24 hours of each other in 140 cases (95%), within a 24e48 hour interval in 4 cases (3%), and between 48 hours and 72 hours in 3 cases (2%).
Global Radiographic Findings
Among the 147 imaged patients, 105 (71%) had either (1) a normal chest radiograph; (2) radiographic findings unrelated to the acute illness; or (3) findings unchanged from the previous examination. Sixty-one of these 147 patients (58%) were women and 44 were men (42%), with a mean age of 39 years (range, 7e78 years). Only 4 patients were younger than 18 years old (range, 7e17 years).
Acute chest radiographic abnormalities were found in 42 of the 147 imaged patients (29%). Twenty-two of these 42 patients were women (52%) and 20 were men (48%), with a mean age of 46 years (range, 19e82 years). The patients with positive imaging findings were significantly older than patients without acute imaging findings (P ¼ .0068). All the 4 patients who were younger than 18 years old had a normal chest radiograph. Thirty-one of the 42 patients with positive imaging findings had 1 or more associated medical conditions (74%). The most common comorbidities in this group were chronic obstructive pulmonary disease (COPD) (n ¼ 8), diabetes mellitus (DM) (n ¼ 6), and asthma (n ¼ 5). Among radiographically negative cases, 41 had comorbidities (39%), the most common being asthma (n ¼ 14), DM (n ¼ 9), and COPD (n ¼ 7). Significantly more patients with comorbidities were found among the radiographically positive group (P ¼ .00014, Pearson c 2 test).
Globally, the most common abnormality on chest radiography was patchy alveolar opacities, seen in 30 patients (71% of 42 radiographically positive cases). The alveolar opacities were unifocal in 11 cases (37% of 30), multifocal in 19 cases (63% of 30), and bilateral in 16 cases (53% of 30). The lower lobes were the most frequently involved (n ¼ 25; 83% of 30). New peribronchial thickening was seen in 8 (19% of 42 radiographically positive) patients.
Thirty-two of the 42 patients with acute radiographic abnormalities on the initial imaging had a follow-up chest radiograph (76%). The average interval between the initial and follow-up imaging was 20 days, with a range of 1e105 days and a median of 4 days. Of these, 17 (53% of 32 with follow-up imaging) demonstrated radiographic progression of the disease, which consisted either of increasing size of the initially seen alveolar opacities or of new additional alveolar opacities; 7 (22% of 32) showed stability of the initial findings and 8 (25% of 32) regression or resolution.
Hospitalization and Intensive Care Unit Admission
Among the 42 radiographically positive cases, 20 patients (48%) were admitted to the hospital, with a median duration of hospitalization of 12 days (range, 2e75 days). Eight patients (19% of 42) required an intensive care unit (ICU) admission, with a median stay of 12 days (range, 5e52 days). Six patients (14% of 42) required endotracheal intubation and mechanical ventilation. There were 4 deaths among this group (10% of 42).
Among the 105 patients with a negative chest radiograph, only 7 required hospitalization (7%), with a median hospital stay of 5 days (range, 1e76 days). None required an ICU admission, and none died. The rate of hospitalization was significantly higher in the radiographically positive group (P < .0001, Pearson c 2 test).
Although the presence (versus absence) of acute radiographic findings was associated with a higher rate of complicated clinical course (hospitalization, ICU admission, mortality), no single radiographic feature predicting a moresevere illness could be identified. No significant difference in nature, number, or distribution of radiographic abnormalities could be identified among the patients with a milder form of the disease (ie, not requiring hospitalization), compared with those with a more-severe disease (ie, those who required hospitalization), and those with a life-threatening disease (ie, those who had to be admitted to the ICU and/or required intubation and/or died).
Patients with Isolated Influenza A (H1N1) Infection
Twenty-one of the 42 patients (50%) with positive radiographic findings had a bacterial and/or fungal culture of their sputum, broncho-alveolar lavage, or endotracheal aspirate at the time of presentation. In all the cases, the specimens for culture were obtained on the same day as the specimens for influenza detection by RT-PCR. Eight patients among the 21 patients with positive radiographic findings and available nonviral microbiologic data had negative bacterial or fungal cultures (4 men, 4 women; mean age, 37 years; range, 26e55 years) and were putatively categorized as isolated influenza A (H1N1) infection cases. Seven of them (88% of 8) had comorbidities: asthma (n ¼ 3), chronic renal failure (CRF) on dialysis (n ¼ 1), active HIV (n ¼ 1), metastatic leiomyosarcoma (n ¼ 1), and third-trimester pregnancy (n ¼ 1).
The most-common radiographic abnormality in this subgroup was alveolar opacity seen in 7 cases (88% of 8). Unifocal disease was seen in 4 cases: 3 that involved the left lower lobe and 1 that involved the right upper lobe. Multifocal involvement was unilateral in 1 case (right middle lobe and right lower lobe) and bilateral in 2 cases (that involved right upper and both lower lobes in 1 case, and both lungs diffusely with bibasilar predominance in the other) ( Figures 1e3) . Isolated peribronchial thickening that involved both upper lobes was observed in only 1 case, in an asthmatic patient. Six patients had an early radiographic follow-up, with a median interval of 3 days (range, 1e13 days) between the initial and follow-up imaging. Follow-up radiographs showed a progression of the initial imaging findings in every case: in 5 cases, the initial alveolar opacities increased in size; and new alveolar opacities appeared in 3 cases, including the patient with peribronchial cuffing on the initial chest radiograph who went on to develop diffuse bilateral alveolar opacities. Five patients (63% of 8) required hospitalization. Three patients (38% of 8) were admitted to the ICU and required endotracheal intubation and mechanical ventilation.
Patients with Complicated Influenza A (H1N1) Infection
Thirteen of the 21 patients (62%) with positive radiographic findings and available nonviral microbiologic data had positive cultures for Streptococcus pneumoniae (n ¼ 5), Staphylococcus aureus (n ¼ 4), Pseudomonas (n ¼ 3), Candida albicans (n ¼ 3), Klebsiella (n ¼ 1), and Citrobacter koseri (n ¼ 1). Of these 13 patients, 5 were women (38%) and 8 were men (62%) (mean age, 51 years; range, 32e79 years). Eleven (85% of 13) had 1 or more comorbidities, the most frequent being COPD (n ¼ 4), DM (n ¼ 3), coronary artery disease (CAD) (n ¼ 2), and cystic fibrosis (CF) (n ¼ 2).
Ten of these 13 patients (77%) had alveolar opacities on initial chest radiography, of which 7 were multifocal and 6 were bilateral. Three cases of unifocal alveolar opacity involved right middle, left upper, and left lower lobes, respectively (Figure 4 ). Isolated new peribronchial thickening and/or bronchial dilatation was seen in 3 cases (23% of 13) cases: in 2 patients with CF and 1 patient with COPD. One patient had peribronchial thickening associated with alveolar opacities ( Figure 5 ). Twelve patients had radiographic follow-up, with a median interval of 4 days (range, 1e103 days) between the initial and the follow-up imaging. Follow-up radiographs showed a progression of the initial imaging findings in 4 cases (33% of 12), which consisted of increasing size of the initial alveolar opacities in 3 cases and the appearance of a new alveolar opacity in 1 case. Stability of the initial findings was observed in 3 cases (25% of 12), and regression or resolution in 5 (42% of 12). Of 3 patients with Candida albicans positive cultures (1 of whom, a patient with CF, also had a positive culture for Pseudomonas), 2 showed regression of the original radiographic abnormalities (peribronchial cuffing in the upper lobes in a patient with CF, in 1 case, and diffuse bilateral alveolar opacities in the other); and 1 showed radiographic progression with the appearance of a new alveolar opacity in a previously uninvolved lobe. Eight patients required hospitalization (62% of 13). Three patients (23% of 13) were admitted to the ICU. Two patients (15% of 13) required endotracheal intubation and mechanical ventilation. One patient (8% of 13) died. 
Discussion
Influenzas are single-stranded RNA viral pathogens of humans, pigs, horses, and birds, with the ability to frequently mutate and recombine their genetic components, which result in novel strains of varying infectivity and virulence [9] , and are subdivided into 3 antigenic types: A, B, and C. Type A is responsible for most human epidemics and pandemics [10] . Most notorious is the epidemic that resulted in 50 million deaths worldwide in 1918e1919 [11] . Less dramatically, yearly seasonal influenza epidemics cause morbidity and death among young children, elderly, and susceptible individuals with various chronic medical conditions [12] .
What caused a particular concern with regard to the novel influenza A (H1N1) strain, responsible for the 2009 pandemic, is its initially reported propensity to infect previously healthy young to middle-aged individuals, with unusually high rate of complications and mortality [1, 3, 13, 14] . As of January 10, 2010, more than 208 countries, territories, and communities worldwide have reported confirmed cases of influenza A (H1N1), which resulted in at least 13 554 deaths [15] . Agarwal et al [5] recently published their analysis of the radiologic findings in 66 patients with acute influenza A (H1N1) infection. Among the 66 patients, influenza A (H1N1) infection was directly confirmed by RT-PCR only in 25 patients, whereas, in 41 patients, influenza A (H1N1) infection was suspected solely on the basis of the assumption that no other viruses were circulating in the community at that time. More than 58% of their cases presented no radiographic abnormalities. The most common abnormality in the radiographically positive cases was patchy consolidation (50% of positives), followed by ground-glass opacities alone or a mixture of ground-glass opacities and consolidation. The abnormalities were most commonly bilateral and involved predominantly the lower lung zones.
Our study population was composed of 147 symptomatic patients with acute influenza A (H1N1) infection who underwent thoracic imaging during the first 3 months of the ongoing pandemic in the Montreal area and surroundings. In contrast to the study of Agarwal et al [5] , influenza A (H1N1) infection was directly confirmed with RT-PCR in all of our cases. As in the study of Agarwal et al [5] , the majority of our influenza A (H1N1) patients (71%) had no acute chest radiographic findings. This is in contrast to another study, by Louie et al [14] , in which normal chest radiography was reported only in 33% of patients.
In our study, influenza A (H1N1) patients with acute findings seen on the chest radiography were on average older and had proportionally more comorbidities, in particular, COPD, DM, and asthma, in comparison with patients with normal chest radiography. Although obesity was not addressed in our study, it was previously identified as a significant risk factor for developing complications during H1N1 illness [2, 4, 5] .
Positive (as opposed to normal) initial chest radiography was also associated with a significantly higher hospitalization rate. ICU admission and death occurred only in patients with positive initial radiographs. Although the presence (vs absence) of acute imaging findings on initial chest radiography was associated with a significantly higher rate of complicated clinical course, no single or combination of radiographic features could be identified, allowing prognostication with respect to the severity of the ongoing illness among the patients with a positive radiography. Agarwal et al [5] reported more frequent and extended lung disease on chest radiographs in patients who required ICU admission or mechanical ventilation.
Presumed isolated primary influenza A (H1N1) infection occurred in 8 of our index cases. Initial chest radiography in 7 of these patients showed alveolar opacities, which were multifocal in half the patients, and usually involved the lower lobes. Similar radiographic findings in adult patients were reported by other investigators [4, 7, 16] . Bacterial superinfection is a common complication of influenza infection, especially in patients with comorbidities and is also a significant cause of mortality during influenza epidemics and pandemics [17] . Strict differentiation of community acquired bacterial pneumonia from primary influenza pneumonia is difficult on the basis of imaging alone and requires corroboration with bacterial microbiologic data (Figures 3 and 4 ). In the small series of 7 patients of Ajlan et al [7] , blood and sputum cultures were available and negative for organisms other than influenza A (H1N1) in all the patients. However, nonviral microbiologic data were not reported in the series of the 66 patients of Agarwal et al [5] . In our series, in the subgroup of patients with positive findings on chest radiography and for whom nonviral microbiologic data were available, 62% of patients had bacterial and/or fungal superinfection in addition to the acute influenza A (H1N1) infection. This finding illustrates the importance of a thorough microbiologic evaluation in patients with influenza A (H1N1) and with positive chest imaging.
The present study has a number of strengths. It is, to our knowledge, up to now, 1 of the largest series of patients with influenza A (H1N1) and with chest imaging. Moreover, all our influenza A (H1N1) cases were confirmed by RT-PCR analysis. In this study, we analysed the global radiographic presentation of patients with influenza A (H1N1) infection, as did other smaller series [5, 8] . Moreover, a thorough evaluation of the bacterial microbiologic data available has allowed us to discriminate between subsets of patients with presumed isolated and complicated influenza A (H1N1) infection.
The primary limitation of our study is its retrospective nature, as in other imaging studies of patients with influenza A (H1N1) [5e8]. Secondly, our results are based on chest radiography. On one hand, this situation is fully representative of the clinical workup done in patients suspected of influenza A (H1N1) infection. However, on the other hand, because only a minority of our patients had a computed tomographic correlation, subtle radiologic abnormalities could still be present in patients with an apparently normal chest radiograph. Thirdly, because all the patients in this study were investigated at a university medical center, it is not impossible that some of our results would have been slightly altered in a different clinical setup. Finally, we did not analyse the clinical data for the patients with H1N1 who had no imaging in our institution. These patients could probably be different in their clinical presentation from the patients who were imaged. Most likely, an important proportion of them had no or very mild respiratory symptoms, which were insufficient to warrant an imaging study. It, consequently, is very likely that their chest radiographs would have been normal.
In conclusion, this is a retrospective study of 147 patients with confirmed acute influenza A (H1N1) infection, all of whom underwent thoracic imaging. In the majority of cases, the chest radiograph was normal. Overall, patients with influenza A (H1N1) who have acute findings on chest radiography were on average older and had proportionally more comorbidities. Abnormal imaging in the context of influenza A (H1N1) infection was also associated with a higher rate of complications that required hospitalization, ICU admission, and increased mortality. When abnormal, the initial chest radiography in isolated primary influenza A (H1N1) showed alveolar opacities, either unifocal or multifocal, preferentially involving the lower lobes. Superimposed bacterial infection is frequent and must be excluded in patients with abnormal imaging.
